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One of Costa's synapomorphies to separate
fishes of north and middle America: a descriptive
Cynopoecilus is the unique structure of their egg's
catalogue of the species of fish-like vertebrateschorion,
found
which is shared with Leptolebias and
in the waters of North America, north of the
IsthCampellolebias.
mus of Panama. Bull. US Nat. Mus. 47:1958-1959,
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to spawning and other ecological characteristics

fishes from Maine, with descriptions of three new
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(Ivanov, 1956; Gotting, 1966, 1967). In addi-
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teristics of the chorion are of systematic value
acter analysis of the margined sculpin, Cottus mar-

ginatus (Pisces: Cottidae), Unpubl. master's thesis,
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species,
we processed one egg from all other
and density of the filaments found on
the egg's
surface of Fundulus heteroclitus have
helped
species.
Wetoprepared eggs using standard techdifferentiate close populations (Brummet
and
niques as
follows. We first ultrasonically cleaned
Dumont, 1981; Morin and Able, 1983).
eggs for 15 min; then we fixed them in 3-4%
Cynopoecilus eggs' chorion consist of
solution
two conof glutaraldehyde for 2 h at room temcentric layers. Surface patterns result
perature,
from followed
the
by three 15-min washes with
structural organization of the outermost
0.1 M layer,
phosphate buffer. Subsequently, we postfixed them
the secondary envelope, which is secreted
by in a 1 % solution of osmium tetroxide

forand
2 h Shelat room temperature and repeated three
the follicle cells in the ovary (Wourms
don, 1976). Light and scanning electron
15-min washes
mi- in 0.1 M phosphate buffer. Eggs
croscopy (SEM) indicate that teleost
dehydrated
eggs are
in 15-min changes of the following

graded
ethanol series: 35%, 50%, 70%, 80%,
ornamented with threads, filaments,
pores,

95%, and
three 100% changes. Specimens were
puffball-like plugs, and flattened mounds
(Brumett and Dumont, 1981; Hart et al., 1984;
critical point dried in liquid CO2, mounted on
Johnson and Werner, 1986). In most members
aluminum stubs and sputter coated with gold/
palladium, 22 nanometers thick, using a Humof the family Rivulidae, eggs are covered with
hairlike fibrils (Costa, 1990). In Cynopoecilus, mer
the VII sputtering system. We examined eggs
surface of the egg's chorion consists of adjacent
with a Hitachi S-2300 scanning electron microhexagons (Scheel, 1969) with uniformly spaced,
scope at 15 kV, 20 kV, and 25 kV and photomacroscopic, and hollow conical projections
graphed them using Polaroid 55 positive/neg(Wourms and Sheldon, 1976). The ornamenative film. We scanned most of the egg surface
tations and patterns found on the surface of (except
the
the area of the egg that was glued to
egg's chorion in cynolebitines may be speciesthe supporting stub). We measured thickness of
specific (Wourms, 1976). The chorion's surface
the filaments at the base of the distal segment
of eggs of Cynolebias whitei is composed of regand measured fibril length by placing them perpendicular to the beam of electrons. We made
ular projections of different and alternating size

as seen by light microscopy (Carvalho, 1957).
measurements on one egg per species and on

A SEM study of the egg's chorion of Cynolebias
10 filaments reporting average measurements
bellottii reported the surface possessing hairlike
in the descriptions.
projections (Miiller and Sterba, 1963).
Phylogenetic relationships within the genus
Results.-Although eggs were ultrasonically
Cynolebias are not yet resolved; however, tencleaned, some particles remained attached to
tative clustering of species into species groups
the chorionic surface in all eggs. Overall, the
have been proposed based on morphological
chorion of most Cynolebias eggs exhibited a fine
characters and patterns of coloration (Amato,
granulated surface with filamentous hairlike fi1986; Costa and Brasil, 1990; Costa et al., 1990).
brils consisting of two parts, identified here as

Variation on the structure and surface orna-

the basal and distal segments. A summary of

mentation of the eggs' chorion could provide
chorion characteristics is provided in Table 1
additional information to support or refute
the
for
comparative purposes.
reality of the species groups. The goal of this
Cynolebias boitonei (Fig. 1 A-B) exhibited a chostudy is to describe and compare the morpholrion surface that possessed the shortest hairlike
ogy of the egg's surface in several species
of among all species examined. These fibrils
fibrils
Cynolebias using SEM analyses.
had an average length of 5.6 micrometers (,um)
and projected from slightly cone-shaped bases
Materials and methods.-The genera used inthat
thiscovered the egg's surface at a density of
study are from South America. One of us approximately
(ML)
25 fibrils/50 ,tm2. The egg's surobtained fertilized eggs of the following species
face between the hairlike projections exhibited
in Uruguay: Cynopoecilus melanotaenia, Cynolea finely rugged appearance. The surface of the
bias luteoflamulatus, and Cynolebias cheradophilus.
chorion of Cynolebias gymnoventris was covered
In addition, we purchased eggs from captive
(approximately 100 fibrils/50 MLm2) by short
bred specimens of the following commercially
hairlike fibrils, approximately 5.9 ,tm in length
available (i.e., pet trade) species of Cynolebias:
(Fig. 1C). In this species, the basal segment was

gymnoventris, cyaenus, adloffi, affinis, boitonei,
round but dorsoventrally depressed; it was

myersi, whitei, wolterstorffi, flammeus, duraznensis,
unique in possessing a small, blunt lateral pro-

and Cynolebias sp. from Pelotas, Brazil. Limited
jection (Fig. 1D). The egg's surface among the
amount of eggs were available to us forbasal
SEMsegments was rugged and had pores (ap-

observation; except for C. duraznensis and
C.
proximately
200 nm in diameter). The cho-

myersi, of which we processesed two eggs ofrion's
each surface of eggs of Cynolebias affinis (Fig.
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TABLE 1. SUMMARY OF THE CHARACTERISTICS OF THE. ORNAMENTATION IN SPECIES OF Cynoleb
Hairlike fibrils (n = 10)

Species Length (x/SD) Thickness (x/SD) Density/50 um' Basal segment

C. boitonei 5.6/4.6 mm < 0.5 gm 25 differentiated cones
C. gymnoventris 5.9/2.13 mm < 0.5 um 100 diff. and flattened
C. affinis 20.1/5.09 lm 0.77/0.22 um 50 diff. and circular
C. cyaenus 20.0/9.81 tm 0.72/0.16 im 30 diff. and circular
C. adloffi 35.5/9.26 im 0.62/0.18 tm 30 differentiated
Cynolebias sp. 39.5/13.0 im 0.64/0.28 mm 50 differentiated

C. luteoflamulatus 23.5/3.5 im 2.33/0.26 ,m 20 poorly differentiated

C. cheradophilus 22.0/6.75 im 1.27/0.15 um 35 diff. and rounded
C. whitei ? < 0.2 um 20 round protuberances
C. wolterstorffi 23.0/11.2 jm < 0.5 um 50 diff. and rounded
C. flammeus 6.2/1.23 im < 0.5 Am 100 diff. and rounded
C. duraznensis 16.2/4.34 im < 0.5 ,m 50 diff. and rounded
C. myersi Absent Absent Absent Absent

1 E) and C. cyaenus (Fig. 1more
F) flexible
were
similar
to each
hairlike
fibrils commonly
bent over

other; they both had hairlike
projections
apthe eggs' surface.
In many cases, the distal
seg-

proximately 20 Am long ment
with
basal
of thedistinct
fibrils was not present
andand
only the
distal segments. Both species
had
circular
and
basal segment
remained
(Fig. 2A);
this was
slightly dorsoventrally flattened
basal
probably an artifact
of thesegments;
technique due to the
the egg's surface had areduced
granular
flexibility of appearance.
the thicker fibrils.
However, in comparing C. affinis
and C. cyaenus,
Cynolebias cheradophilus
(Fig. 2B,D) also had
the density of fibrils differs,
approximately
50/ 22
fibrils of intermediate
length, approximately
50 jm2 and 30/50 tm2, respectively.
im, and 1.25 Aim thick (density approximately
The overall morphology 35/50
of Aum2).
the However,
hairlike
fibrils
in cheradophilus,
the basof Cynolebias duraznensis al
(Fig.
1 were
G) was
similar to
segments
well differentiated,
overall
that described for C. cyaenus
and
C. affinis.
Furrounded,
and easily
distinguishable
from the
thermore, the chorion's surface
distal segment.among
The chorion'sthe
surfacebasappeared
al segments was also granular,
but
this
spegranular. Some
of thein
distal
segments
were also
cies, the surface granulation
was
more dispersed
lost in this
species.
than in the two species Cynolebias
previously
wolterstorfidescribed.
had similar characterCynolebias adloffi (Fig. 1H)
and
Cynolebias
(Fig.
istics
to those
of cheradophilussp.
(Fig. 2E),
but the
I) had longer hairlike fibrils,
between
35dense,
and
hairlike projections
were more
approx40 ,m in length, and the
basal
distal
segimately
50/50and
Aim2, and
the filaments
were exments were poorly differentiated
tremely thin, less than from
0.2 Am. Theeach
basal segother.
ments of C. whitei were taller and have a pearlike
These two species differed from each other shape (Fig. 2F). Their density was approxiin the density of the hairlike fibrils, aproxi- mately 20/50 iMm2. The distal segments were

mately 30/50 im2 in C. adlofi and approxi-very thin, less than 0.2 ,m thick and highly

mately 50/50 im2 in the undescribed species. convoluted, making it impossible to measure
The diameter of the hairlike fibrils of all speciesthe hairlike projections' length. The surface of
described so far was less than 1 ,Im thick. Cy- the chorion among the basal segments exhibnolebias luteoflamulatus was unique in having the ited low, rounded protuberances; each protuthickest hairlike fibrils, approximately 2.3 Am berance had a pore (Fig 2F).
thick, which were of intermediate length, 23
In C. flammeus, the egg's surface was covered
jm. The basal and distal segments were poorly by hairlike projections at a density approxidifferentiated, overall of similar thickness, withmately 100/50 /m2 (Fig. 2G-H). It possessed
the basal segment slightly expanded.
round basal segments from which relatively short
In this species, the density of the hairlike pro- (approximately 6.0 jim) and thin (less than 0.5
jections was only 20/50 #im2 (Fig. 2A,C). More- Aim) distal segments originated. The chorion's
over, they were approximately perpendicular tosurface among the basal segments appeared
the surface of the egg, probably because of theirstrongly rugged in this species. The egg of C.
greater thickness, whereas in other species themyersi had an unique chorion surface; it lacked
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berances and were present at low density (4/50 Wourms (1976). Species of Cynolebias analyz

Mm2). here exhibited similar characteristics, except C.

myersi in which the surface of the

Discussion.-The ornamentation we observed completely lacked

on the chorion of Cynopoecilus melanotaenia cor- only large, round

responded to the description reported by disperse ring-shap
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are inhabited
face. All other species exhibited hairlike
pro- by more than one species. At the
same
time, of
the present data suggest caution in
jections distributed over the external
surface
using egg
characteristics in phylogenetic analthe egg. These fibrils, however, showed
variaysis
further data are available on the eggs'
tion in length, thickness, and degree
ofuntil
differentiation between the basal and distal
physiological
segments.and ecological requirements.
There was also variation on the chorion's surOn one hand, species that currently are clustered
together in a species group, showed very
face characteristics among the fibrils' basal
segment.
different egg characteristics, e.g., C. whitei and
In most species, e.g., affinis, cyaenus,C.
etc.,
myersi
this(whitei group), and C. affinis, C. gymnoventris, and C. luteoflamulatus (luteoflamulatus
background surface had a granular appearance;
group).
On the other hand, the following five
however, it was rugged in boitonei and
strongly
species
that exhibited similar egg characteristics
rugged in flammeus where it appeared
highly
currentlyof
are clustered in two separate species
folded. Furthermore, the rugged surface
groups:
C. affinis, C. cyaenus, and C. duraznensis
gymnoventris possessed pores, whereas
the only
are in
theC.
luteoflamulatus group, whereas C. wolother species in which pores were found
was
whitei. The hairlike fibrils of C. boitonei were the
terstorffi and C. cheradophilus are placed in the
smallest and could only be observed with the porosus group. These clusters of species based
highest magnification. The hairlike fibrils of C. on egg characteristics could be suggesting phyaffinis, C. cyaenus, C. duraznensis, C. cheradophi- logenetic relationships as well as adaptive conlus, and C. wolterstorffi were similar in length and vergency among the species. However, it is inhad a differentiated, overall circular, basal seg- teresting to note that this data may provide adment. The undescribed species, together with ditional support to Costa and Brasil's (1990)
C. adloffi, stood out among the other species suggestion that the luteoflamulatus and the pobecause they had the longest hairlike projec- rosus groups could be closer to each other and
tions. Although the basal segment was recog- that the luteoflamulatus-porosus clade is closer to
nizable, it did not acquire the overall flattened the adloffi group.
The pores observed in C. whitei and C. gymand circular configuration found in the other
species. In addition, the species also differed in noventris and the ring-shaped structures found
the density of fibrils and the thickness of the in C. myersi may correspond to the external
distal segments.
opening of mucus glands. However, histological
The fibrils were least abundant in C. luteofla- data are needed to confirm this suggestion.
mulatus and C. whitei whereas C. gymnoventris and

C. flammeus exhibited the highest density. Cy- Acknowledgments.-We are thankful to G. Radnolebias luteoflamulatus had the thickest distal ice for his assistance with SEM photographs and
segments and in addition could be easily iden- to three anonymous reviewers for the useful
tified by the combination of the thicker hairlike comments on the manuscript. We are greatly
fibrils with a poorly differentiated basal seg- indebted to our colleagues at the Department
ment. The filaments of C. gymnoventris and C. of Zoology, University of Uruguay, who faciliflammeus were similar in length, thickness, and tated the fieldwork. This study was supported
density; furthermore, the exposed surface of through a fellowship from the Graduate School,

the chorion among the fibrils was rugged in University of Richmond (UR), to ML. ROdS's

both species. However, C. flammeus possessed participation was supported by the Faculty Redistinct folding and lacked the pores that were search Committee, UR. The work was con-

clearly visible in gymnoventris. Also, C. gymnov- ducted under UR Institutional Animal Care and

entris could be easily identified by the presence Use Committee permit No. 95-I.
of a lateral projection on the basal segment.
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